Abstract: MK robot is a two wheel nonholonomic cart with driving moments referenced to a pendulum (the robot body). A modification of the described in (Tchoń et al., 2002) dynamic linearization control algorithm for MK robot is proposed, which provides singularity robust version of this algorithm. The simulation results show good performance of the modified algorithm even for trajectories which do not fit dynamic linearization algorithm restrictions.
INTRODUCTION
Development of control algorithms for nonholonomic mobile robots, in which it is structurally impossible to separate the kinematics from the dynamics, is one of the significant problems in contemporary robotics. A simple example of such an object is a two wheel cart with no supporting points. The cart body forms a pendulum, suspended on the main axis, connecting two parallel wheels. The moments driving the wheels are related to the pendulum (the cart body). Such a cart, called MK robot, described in (Kabała and Wnuk, 2002b) , has been built as a preliminary project for RoBall, a spherical mobile robot, being currently under development in our Robotics Laboratory, (Kabała and Wnuk, 2002a) . Both the dynamics model and dynamic linearization control algorithm for the MK robot are described in (Tchoń et al., 2002) . Dynamic linearization technique is employed for synthesis of trajectory tracking algorithm. This model-based method consists in extending the dynamics of the object in order to enable transforming the input-output mapping into a linear, decoupled form. The transformation is performed by means of dynamic feedback. Unfortunately, the decoupling matrix becomes singular when the robot stalls, what restricts the applicability of the algorithm to trajectories with no stop points. Obviously, starting the robot motion also requires some other control algorithm.
In the paper a modification of the dynamic linearization is proposed, which provides singularity robust version of this algorithm. It consists in using the singularity robust pseudoinverse, (Nakamura, 1991) , in order to avoid singularities of the decoupling transformation.
The simulation results show good behaviour of the modified algorithm even for trajectories which do not fit dynamic linearization algorithm restrictions.
DYNAMICS MODEL OF MK ROBOT
MK robot is a two wheel cart with driving moments referenced to a pendulum (the robot body) swinging on the robot axle (see figure 1) . The robot wheels are assumed to be uniform rings of radius R and mass m k . The axle is considered to be an infinitely thin wire of mass m o and length 2d. The robot body is modelled by a uniform cylinder of mass m c , radius r c and length 2l c , with its axis parallelly displaced by l according to the robot axle.
In state coordinates
, with auxiliary longitudinal velocity of the axle center
, taking the torques driving the cart wheels as the control inputs u 1 , u 2 , and assuming absence of slipping, one obtains kinematics and dynamics model of the MK robot:ẋ 
CONTROL ALGORITHM
Considering the problem of tracking a given trajectory
, we choose linearization outputs
and search a decoupling feedback for the equations (1)- (2) by successive differentiation of them.
By introducing a new state coordinate
such that
we transform the equations (3) to
The obtained decoupling matrix D¢ α£ η£ θ ¤ is nonsingular as long as the robot is moving, i.e. 
reduces (1)- (2) extended by (4) to a decoupled inputoutput system
Fig. 2. Block diagram of the resulting control algorithm
For tracking 
he block diagram of the resulting control algorithm is presented in figure 2.
ALGORITHM MODIFICATION
One of the major drawbacks of the described above algorithm is that the decoupling matrix D becomes singular when the robot does not move. It restricts its use to tracking specific trajectories with specific initial conditions. In practical implementations, the restrictions are even stronger, due to the limited precision of calculations. To ensure proper tracking, the velocity along the trajectory cannot fall below a certain limit.
The proposed modification of the algorithm is based upon the singularity robust pseudoinverse, (Nakamura, 1991) . Replacing in equation (6) 
Df w¨(9)
The approximation (9) converges to (6) when ε 1 £ ε 2 decrease to zero.
SIMULATION RESULTS
To illustrate the performance of the controller, based on the modified version of dynamic linearization, we present some simulation results for both the original algorithm and its new, singularity robust version. The simulations have been performed in the MATLABi environment.
In all the simulations we have assumed robot model parameters corresponding to the real cart parameters (Tchoń et al., 2002) : On both the ends of the line segment, the robot stops and reverts the movement direction without the change of orientation θ.
CONCLUSIONS
Applying the singularity robust pseudoinverse, described in (Nakamura, 1991) , for avoiding the singularities of the decoupling transformation in dynamic linearization algorithm, described in (Tchoń et al., 2002) , resulted in effective trajectory tracking not only in the cases allowed for the non-modified version, but also when the original algorithm fails.
Implementation of both versions of dynamic linearization algorithm in the MK robot controller requires fast floating point unit, (Kabała and Wnuk, 2002b) . Respective upgrade is currently under development.
